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Abstract 
In the two decades since its incep-
tion by T.A. Hall, the continuum theory of 
quantification has become the general 
method for quantitative analysis of bio-
logical specimens. Although the method was 
originally developed for thin specimens, 
its use has been extended to thicker 
specimens, and it has also been used in 
quantitative determinations of local water 
content. The single most important dif-
ficulty in the application of the "Hall 
method" is the accurate calculation of the 
extraneous continuum, i.e., the cont i nuum 
due to non-specimen sources. The different 
variations in methods for quantitative 
analysis of local wate r content are criti -
cally compared and a generally applicable 
method is proposed. 
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When X-ray microanalysis was applied 
to investigate problems in physiology and 
pathology it was realized that this re-
quired the use of quantitative techniques. 
Areas of research in which quantitative X-
ray microanalysis is routinely applied are 
the physiology and pathology of ion-trans-
porting tissues, changes in ion and water 
content during aging, and changes in ion 
distribution in tumor cells. 
The continuum theory of quantitative 
X-ray microanalysis was developed by Dr 
T . A. Hall in the late sixties (Marshall 
and Hall, 1968; Hall, 1968). The theory 
was based on earlier theories on charac-
teristic and continuum X- ray generation, 
in particular on Kramers' (1923) "law" on 
the relation between the continuum inten-
sity and the atomic number of the target, 
stating the continuum intensity increases 
with the square of the atomic number. The 
derivation of the theory was outlined in 
the now classic papers by Hall (1971) and 
Hall et al. (1973). 
The characteristic X-ray intensity, 
Ic x' is proportional to the number of 
atoms of element x (N) in the irradiated 
volume, while the c~ntinuum ( or white) 
intensity W, determined in a peak-free 
region of the spectrum, is proportional to 
the total number of atoms in the same 
volume (LN) weighted by the square of the 
atomic number. Hence, 
Ic,x / W = Nx / LNZ 2 ( 1) 
and this is true for both specimen ( sp) 
and standa rd (st): 
(Nx I 2 LNZ ) sp ( Ic,x I W) sp 
(Nx I LNZ2) st ( Ic,x I W) st ( 2) 
The mass fraction of element X (CX) 
is 
( 3) 
where Ax is the atomic number of element 
x. 
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Then, in the notation of the Hall et 
al. (1973) paper, the concentration Cx of 
element x in the specimen is given by: 
(Ic, x/W)sp 2 2 
Cx= Ax _____ (Nx/~NZ ) st (Z /A)sp (4) 
(Ic,JW)st 
Hall et al. ( 1973) assumed that 
( z2 /A) is constant and not affected by 
chang;~ in C . This is not an uncommon 
situation in i51:ological soft tissue, which 
mainly consists of light elements (H, C, 
N, and 0) with low concentrations of 
moderately heavy elements such as P, S, 
and K. Hall et al. (1973) included P and 
S in their calculation of Z2 /Asp and ar --
rived at 3. 28. It is a testimony to t he 
authority of this paper that the value of 
3. 28 often is used uncritically in the 
literature even when the conditions of the 
Hall et al. (1973) paper are not met. In 
addition to the rather simple case treated 
in Hall et al. (1973), a more complicated 
formalism, where changes in (Z2/A) sp with 
C (for the case that xis a heavy ele-
m~N't) were taken into account was given in 
Hall ( 1971). 
To take into account the presence of 
several fairly heavy elements in the 
specimen, Roomans and Seveus (1976) used 
the more general formalism 
Rx ,sp (Z2/A)sp 





where the relative intensity Rx= I c x/W. 
The dependency of ( z2 /A) P on several 
different C was accounted for by an 
x,sp · h · h f · t iterative procedure in w ic a irs 
estimate was made of the value of (Z2/A)~ 
and this value was used to calculate Cx,,sp 
according to equation (5). Then, tne 
calculated values of C are used to x,sp 2 
calculate a new estimate of ( Z /A) sp ac -
cording to 
(Z2/A) = (Z2/A)matr ix + ~ Cx (Z2/A)x (6) 
where ( z2 /A) . is the average value of 
2 matri x . , f 1 t z /A for the matrix consisting o e emen s 
that cannot be measured with a conventio -
nal energy-dispersive detector, i.e., H, 
c, N, and 0. Values for (Z2/A)~atrix for 
different relevant organic materials are 
given in Roomans (1980, 1988a). The value 
of (Z2/A) converges and the iteration is 
stopped l~ soon as the criterion for con-
vergence is reached (Roomans, 1980). This 
method is now generally followed in com-
mercial programs. 
Use of the Continuum Method 
with Bulk Specimens 
In the materials sciences, quantita -
tive analysis of bulk specimens is tradi -
tionally carried out with the so-called 
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ZAF-correction, that takes into account 
differences in electron energy loss and 
backscatter (both factors related to the 
atomic number Z), absorption of X-rays (A) 
and secondary fluorescence (F) (for review 
see: Martin and Poole, 1971; Reed, 1975). 
Boekestein et al. (1983 a,b) investigated 
the applicability of the conventional and 
commercially available ZAF-correction pro-
grams for biological specimens but found 
serious problems, mainly due to the fact 
that the specimen-beam geometry is not 
well-defined in biological specimens, that 
cannot be polished to a flat surface. In 
addition, some of the algorithms used in 
the commercial programs were not suitable 
for the atomic number range found in 
biological tissue, and the fact that the 
matrix (i.e., c, H, N, and 0) composition 
is not always known leads to problems with 
the absorption correction. 
A linear relationship between the 
peak-to-background (P/B) ratio and the 
concentration of an element in a standard 
was empirically demonstrated by Cobet and 
Traub (1971). Although the continuum 
method was originally devised for thin 
sections, its use was extended to bulk 
specimens by Zs. -Nagy et al. ( 1977). 
Statham and Pawley (1978) and Small et al. 
(1978) introduced the peak- to-background 
ratio method for inorganic samples with an 
irregular shape, such as particles. The 
background was determined in the same 
energy region as the peak, i.e., the back-
ground under the peak was chosen. This was 
done to provide an "intrinsic" correction 
for absorption, which is the most impor-
tant part of the ZAF-correction, also in 
biological bulk specimens (Roomans, 1981). 
This choice of continuum region is based 
upon the assumption that the continuum 
radiation is absorbed to the same extent 
as characteristic radiation in the same 
energy range. A complication arises, 
however, since the continuum radiation of 
a particular energy is generated somewhat 
deeper in the specimen than the charac-
teristic radiation of the same energy. 
Nonetheless, the P /B-ratio is much less 
sensitive to specimen geometry than the 
net peak intensity (Roomans, 1981). 
Mainly for practical reasons, Zs. -
Nagy et al. (1977) did not use the back-
ground under the peak, but selected a 
peak-free region in the spectrum for the 
continuum determination. This choice of 
continuum region has been debated 
(Zs.-Nagy, 1983; Hall, 1989; Zs.-Nagy a~d 
Casali, 1990). While Zs.-Nagy's method_is 
theoretically less correct, the error wi~l 
not show up in practice unless there_is 
appreciable absorption. Unless absorpt~on 
is appreciable, the continuum_ shape ~ill 
not be affected by changes in specimen 
composition, and the region selec~ed for 
background determination becomes immate-
rial. Developments in the commercially 
available software, allowing the user 
complete freedom in the selection of the 
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continuum region, will doubtlessly make 
the whole discussion irrelevant. 
The continuum method can also be used 
with semi-thick specimens (Wroblewski et 
al., 1983), as well as in quantitative 
analysis of frozen-hydrated specimens, 
which allows calculation of local water 
content of cells and tissues (Zs.-Nagy et 
al., 1982). 
Thus, about two decades after it s 
inception, the continuum method, now often 
called the "Hall method" has become a 
generally applied method in quantitative 
X-ray microanalysis of biological speci-
mens. 
Extraneous Background 
Already in Hall et al. (1973) it was 
pointed out that the values of the back-
ground intensity, n, should be corrected 
for the contributio; of extraneous sources 
to the spectrum. A simple l i near correc-
t~on for the contribution of the plastic 
film _under the section of biological 
material was proposed. This correction was 
carried out by measuring the X- ray spec-
trum of the film in a specimen- free region 
of the grid, and subtracting the continuum 
thus obtained from the continuum obtained 
in the measurement on the specimen (ac-
tually, specimen plus film). However, 
Janossy and Neumann (1976) showed that 
this simple linear correction would under-
estimate the extraneous background, since 
electron scattering in the section was not 
take~ into account. Gupta and Hall (1979) 
provided a more comprehensive correction. 
A formalism to separate the different 
contributions to the background (the 
speci~en ~tself, the supporting film, and 
contributions from the gr i d due to un-
collimated and scattered electrons res-. ' pectively) was given by Roomans and 
Kuypers ( 1980). The end result of this 
method was identical to that of the for-
mula proposed by Gupta and Hall (1979): 
( 7) 
~here _re ,~ is the corrected continuum 
intensity due to the specimen itself w 
th b ' sp e o served (uncorrected) continuum 
intensity f_rom t~e spe~imen, wf the ob-
served continuum intensity from the film, 
Gsp. the observed net intensity from the 
grid _peak observed during analysis of the 
specimen, Gf the same for the film, and G 
the same for the grid intensity obtaineJ 
by. a mea~urement on a completely empty 
grid. This measurement can either be 
carried out by placing the beam in an 
empty grid square ("hole count") or ir-
ra~iating (at low intensity) a grid bar. 
Neither way of carrying out the measure-
ment is completely equivalent to what 
happens during the actual measurement, 
because the distribution of electron 
impacts cannot be duplicated, but this 
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does not appear to be of practical impor-
tance (Roomans, 1988b). The derivation of 
this equation has been reviewed several 
times, most recently in Roomans (1988a). 
One would theoretically expect, that 
Ic sp would increase linearly with thick-
ness. In practice, problems may occur 
since the correction of the observed W 
may be very large in comparison to I ~ 
especially in thin sections. This is °a~e 
to the major part of the background being 
generated extraneously. The simple model 
of equation (7) is based on the assumption 
that the extraneous signal is due to high-
angle scattering of incident electrons, 
that would hit the grid bars after being 
deflected in specimen or film. However, 
most extraneous background is probably 
generated by low to moderate angle scat-
tering of electrons in the specimen. These 
electrons then hit the pole piece, and, 
after (multiple) scattering the grid bars. 
They also may excite the specimen again 
and generate characteristic and continuum 
X-rays. Because of the tendency of con-
tinuum X-rays to go in the same direction 
as the electron, the peak- to-background 
ratio from such "secondary" strikes is 
different from that in the primary events. 
A model in which this is taken into ac-
count has not yet been developed. By 
keeping geometrical conditions as constant 
as possible, the errors can be kept sys-
tematic (Roomans, 1988b), and may cancel 
out to a large extent if specimen and 
standard are analyzed in the same way. 
However, the difficulty in adequately 
correcting for the extraneous background 
is the major weakness of the continuum 
method. Alternative methods for determina-
tiop of specimen mass, such as the use of 
brightfield or darkfield transmission or 
scanning transmission electron microscopy 
signals (e.g., Linders et al., (1982), 
Zierold, 1988) or the zero - loss signals 
determined by electron energy loss spec-
troscopy (Leapman et al., 1984) require 
separate measurements and/or additional 
equipment and have not become popular. 
In this context, the choice of the 
energy range for the determination of the 
continuum was debated. Whereas Hall et al. 
(1973) proposed a fairly high energy 
region ( 10-20 keV), Shuman et al. ( 1976) 
argued that the background should be 
determined at the lowest energy practical-
ly possible, e.g., in the Al Ka region. 
Roomans and Kuypers ( 1980) showed that 
indeed the extraneous background increased 
with increasing energy. However, the Al Ka 
region is narrow and may be unsuitable on 
that ground. Often, a region of sufficient 
width between about 4 and 6 keV is used. 
Analysis Using Peripheral Standard~ 
Dorge et al. ( 1978) applied a dif-
ferent quantification technique that would 
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appear to overcome the problems associated 
with the continuum method. The specimen 
is, prior to freezing, surrounded by an 
albumin solution containing mineral salts 
in a known concentration. Assuming that 
section thickness is on average constant 
(both in the frozen-hydrated and the 
frozen-dried state) the characteristic 
intensities of a particular element in 
specimen and "peripheral standard" can be 
directly compared without calculation of 
the continuum intensity. Whether the 
assumptions of constant average thickness 
underlying the method are generally valid 
may be debated; however, von Zglinicki et 
al. (1987) showed that the assumption was 
reasonable even for thinner sections than 
the 2 µm sections used by Dorge et al. 
(1978) in this and subsequent work. A more 
serious problem with peripheral standards 
is that surrounding the tissue with a 
rather concentrated macromolecule solution 
may introduce osmotic effects that disturb 
ion and water distribution in the tissue 
(Kuijpers and Roomans, 1983; Saubermann 
et al., 1986a,b). In this context the 
method of Tvedt et al. (1989) in which the 
standard that is frozen together with the 
specimen does not make contact with the 
tissue prior to freezing may point the way 
to a possibility to use peripheral stan-
dards without compromis ing the phys i ology 
of the spec i men. 
Measurements of Lo cal Water 
Concentrations 
Water can be regarded as one of the 
most important constituents of the cell. 
Measurement of local water content is 
necessary to interpret the data obtained 
by X-ray microanalysis e.g. , in physio -
logical studies of ion transport. 
Methods for the determination of 
local water concentration by X-ray micro -
analysis can be divided into two groups: 
(a) methods involving measurements both in 
the frozen-hydrated and the frozen - dried 
state, (b) methods involv ing analysis in 
the frozen-dried state only. 
Measurements in the frozen-hvdrated and 
frozen-dried state 
When these methods are used, the 
specimens (bulk or thin) are first ana-
lyzed in the frozen-hydrated (fh) state. 
Subsequently they are frozen-dried and the 
same or equivalent structures are analyzed 
in the frozen-dried (fd) state. 
If we define the dry mass fraction 
Fd and the water fraction Fw so that 
( 8) 
and if C9 is the concentration in the frozen-dried state, and Ch the concentra-
tion in the hydrated state, then 
( 9) 
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and according to equation (5) 
Ch/Cd= (Rh/Rd) · [(Z 2 /A)h / (Z 2 /A)d] (10) 
To simplify the subsequent formulae, z2 /A 
is shortened to H ("Ha l l-factor") 1 • Com-
bining equations (9) and (10) results in 
( 11) 
Determination of Fd according to equation 
~11) requires fully quantitative analysis 
in the hydrated ang_ in the dry state. 
However, 
( 12) 
where H is H for water, equalling 3.667. 
Equatio~ (12) can also be written as: 
( 13) 
Inserting equation (13) in equation (11) 
results in 
( 14) 
Rd • Hd + Rh ( Hw - Hd ) 
Determination of Fd according to equation 
(14) requires only semi-quant i tative 
analys i s i n the fro z en - hydrated s tate 
(deter~ina~ion of Rh ) ; fu l ly quantitative 
analysis in the frozen-dried state is 
still required . Since no frozen-hydrated 
standards hav e to be prepared, equation 
(14) is more practical to use than equa-
tion ( 11). 
Although this is no t really neces-
sary, simplified versions of equation (14) 
have often been used. 
Zs.-Nagy et al. (1982) assume that 
Hd = 3.28 (see Hall et al. 1973). Since H 
= 3.667, equation (14) becomes w 
F d = 3 . 6 6 7 Rh / ( 3 . 2 8 Rd + 0 . 3 8 7 Rh) 
or ( 15) 
Determination of Fd or Fw according to 
equation (15) really only requires semi-
quantitative analysis in the frozen-hydra-
ted and in the frozen-dried state, since 
only the relative intensities R have to be 
determined. The assumption that H = 3.28 
may be slightly inaccurate, even tgough it 
1 Although Hall himself (see e.g., 
Hall, 1989) uses the symbol G (relative 
efficiency of continuum generation) for 
Z2/A and the symbol is used also in 
some commercial programs, the choice of 
the symbol H for Hall-factor would in 
the author's view be more appropriate. 
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may not influence the end-result notice-
ably. If, as generally is the case, fully 
quantitative analysis in the frozen-dried 
state is carried out, the simplification 
of equation (15) becomes futile, since an 
accurate value of Hd is readily available. 
Gupta and Hall (1981) simplify equa-




we can write 
( 18) 
Since Hw = 3.667 and typically Hd is about 
3:28 and Fw is about 0.8, Hd is about ten 
time~ ( Hl' - Hd) • F w' so that by good ap-
proximation, 
( 19) 
This method only requires semi-quanti-
tative analysis both in the frozen-hydra-
ted state and in the frozen-dried state. 
The simplification introduces a systematic 
error of up to 10% compared to equation 
(13) and is futile if fully quantitative 
analysis in the frozen-dried state is 
carried out. 
An even more simplified method has 
been used by Saubermann (Bulger et al., 
1981; Saubermann and Heyman, 1987). Since 
R is the ratio between peak and continuum 
counts, Ic,x/W, equation (19) can be writ-
ten as 
( 20) 
and assuming that Ic x in the dry state 
equals I in the hydrated state, equation 
(20) wou!a simplify to 
( 21) 
This method would only require the 
determination of the background intensity 
in the frozen-hydrated and frozen-dried 
state; it would not be necessary to deter-
mine the peak intensities. In addition to 
the problems associated with equatioL 
( 19), the assumption t~at Ic ,x, d = Ic,x,h is 
not true for bulk specimen r ~ecause the 
interaction volume is different. It may 
not be true for sections either, because 
it requires equal shrinkage of the section 
in all directions. 
Measurements in the frozen -dried state 
only 
Measure ·. ts in the frozen-hydrated 
state require an expensive cold stage, and 
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are difficult because of the charging of 
the frozen-hydrated specimen. Thin frozen-
hydrated sections undergo considerable 
mass loss (Zierold 1988). The group of 
Gupta, Hall and coworkers (Gupta et al., 
1977; Gupta, 1991) have been successful in 
the quantitative analysis of 1 µm thick 
frozen-hydrated sections, and this may 
well be the minimal thickness for such 
work. It is thus attractive to attempt 
quantitative analysis of local water 
concentrations by analysis of frozen-dried 
specimens only. The methods outlined below 
are only appropriate for (thin) sections. 
If Md is the dry mass, and Mh the mass 
in the frozen-hydrated state (total mass), 
then 
(22) 
Equation (22) applies to both specimen and 
standard so that 
Fd,sp Md,sp Mh,st 
Fd,st Md,st Mh,sp 
Wd,sp Hd,st V . p h,sp h,st 
Wd,st Hd,sp Vh, st. p h,sp (23) 
where Wis the background intensity and 
p the specific density. 
It is generally assumed that Vh sp = 
Vh st; this requires that section and stan-
dard are equally and uniformly thick. This 
assumption has been investigated by von 
Zglinicki et al. (1987) and found to be 
quite reasonable. 
Rick et al. (1978) use peripheral 
standards and assume that the thickness 
of the section on average is constant. In 
addition, it is assumed that p h,sp = p h,st 
and that Hd,sp = Hd,st' so that 
(24) 
This method requires a standard with about 
the same composition as the specimen. As 
discussed above, one should be aware of 
the possibility that the peripheral stan-
dard may induce ion and water fluxes. The 
assumption that Hd sp = Hd st is unnecessary 
because both values are readily known. 
Rather complicated methods to calcu-
late ( p h / p h t) have been developed by 
Warner (1~86) ,sand von Zglinicki and 
Birnrnler (1987). It should be possible to 
quite simply uoe the equation: 
(25) 
since. p h,st can be determined in bulk 
material I and for p h sp a reasonable 
estimate can be given, based on the bulk 
properties of the tissue. This estimate 
G.M. Roomans 
could be refined by determining P t in 
suitable bulk material as a functioi of 
Fd,sp • 
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Discussion with Reviewers 
D. C. Sigee: What factors determine the 
choice of continuum region in thin speci-
mens? 
Author: In practice, the following two 
factors are the main determinants of the 
choice of continuum region: (a) the con-
tinuum region should not contain any 
characteristic peaks, neither from the 
specimen nor from grid, holder or micro-
scope, and (b) the continuum region should 
contain a sufficient number of counts to 
give a relatively small statistical error 
in the determination of the continuum 
intensity. An additional factor would be 
to choose the continuum in an energy 
region where the contribution of extra-
neous sources relative to the contribution 
of the specimen itself would be minimal. 
This would lead to a preference for selec-
ting the continuum region at as low X-ray 
energies as possible (Shuman et al., 
1976). However, this often conflicts with 
requirements (a) and (b) above. Consider-
ing that Na and Mg are common constituents 
of biological tissue, that the presence of 
Al in the spectrum (from the column or the 
holder) cannot be excluded, that a spu-
rious Si peak is common, and that P, S, 
and Cl again are common constituents, this 
would lead to the conclusion that in 
general the Ar region is the lowest energy 
region that can be selected. SincP. region 
is rather narrow, it may not always be 
possible to fulfill requirement (b), and 
it may be better to select a wider region 
of about 4-6 keV, steering clear of the Ca 
KB and the Fe Ka and copper escape peaks. 
D.C. Sigee: You state that continuum 
radiation of a particular energy is gener--
ated deeper in the specimen than charac-
teristic radiation of the same energy. 
What evidence is there for this and why 
does it occur? 
Author: Let us consider a K Ka X-ray (3.31 
keV) and a continuum X-ray of the same 
energy. To generate the K Ka X-ray, the 
impinging electron has to have an energy 
at least equal to the minimal excitation 
energy, which for the K Ka line is 3.61 
keV. A continuum X-ray of 3.31 keV can be 
generated by an electron with that same 
energy (i.e., 0.3 keV less than needed to 
G.M. Roomans 
generate a characteristic X-ray). Hence, 
continuum X-rays of a particular energy 
can be generated by electrons that have 
lost more of their energy, and therefore 
at a greater depth in the specimen, com-
pared to characteristic X-rays of the same 
energy. 
B.L. Gupta: Von Zglinicki et al. (1987) 
established the uniformity of the cryosec-
tion thickness in the "ultrathin" (< 0.2 
µm) range over relatively small distances. 
Hall et al. have shown on several occa-
sions that for thicker sections (0.5 to 2 
µm), especially from cells and tissues 
with many fluid compartments, this assump--
tion is not correct. Rick, Dorge et al. 
compensate for this variation by measuring 
the same macro-compartments in several 
"serial" sections. Please clarify. 
D.C. Sigee: Using peripheral standards, 
constancy of section thickness is impor-
tant. Is this constancy maintained in 
frozen-dried material, particularly if the 
specimen and standard differ markedly in 
water content? 
Author: Dorge et al. (1978) while stating 
that "This procedure requires either that 
the specimen and standard thickness are 
the same or that the relationship between 
the two is known" are aware that "small 
differences in the thickness within an 
individual cryosection might lead to 
errors. This artifact can be expected to 
be minimal if the analysis is performed on 
a cellular level and, using serial sec-
tions, should cancel out". Dorge et al. 
(1978) also state that "A further precon-
dition of this type of quantification is 
that during the preparation of the spe-
cimens a differential swelling or 
shrinkage of the tissue and the standard 
does not occur". The peripheral standard 
was chosen in such a way that it would 
match density and composition of the 
specimen. Hence, analysis of a specimen 
and standard differing markedly in water 
content, or analysis of specimens with 
markedly different water contents in 
different parts is not foreseen in the 
method of Dorge et al. (1978). With regard 
to measurement of serial sections, it may 
be pointed out that while this certainly 
compensates for errors in individual 
measurements and gives a correct mean 
value, spread in the data resulting from 
differences in thickness may make it more 
difficµlt to demonstrate differences 
wjthin or between specimens. 
B. L. Gupta: Concerning analysis in the 
frozen-hydrated state followed by analysis 
in the frozen-dried state, it is important 
to emphasize that when the sections are 
reanalyzed in a frozen-dried state, one 
must not use the same sub-fields (iden-
tified by the raster marks) which had 
previously been analyzed in a frozen-
hydrated state. Such fields would have 
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suffered latent mass loss - hence the 
raster marks. 
Author: Yes, I fully agree with this 
comment. 
T. von Zglinicki: A number of the tech-
niques to measure water content by elec-
tron scattering have been developed using 
either measurements in the frozen-dried 
state only (Zierold, 1988; von Zglinicki 
et al., 1987) or measurements both in the 
frozen-dried and frozen-hydrated state. It 
should be mentioned that these methods are 
advantageous because of the lower radia-
tion dose necessary and because of higher 
precision due to the extraneous background 
problem in X-ray microanalytical estima-
tions. Those methods measuring essentially 
the mass thickness of the sample are, in 
fact, restricted to (thin) sections. 
However, I do not see a principal reason 
why methods based on eq. (23) could not be 
applied to bulk specimens assuming a 
similar composition of specimen and stan-
dard so that V
5
P = Vst· Of course, there 
are problems of constancy of beam current 
and geometry-dependent absorption- Don't 
you think these problems could be solved, 
for instance by normalizing against the 
backscattered electron (BSE) signal? 
B.L. Gupta: In the paragraph on "Measure-
ments in the frozen-dried state only" you 
refer to "(thin) sections". Please specify 
the range of "(thin) sections". 
Author: In a true bulk specimen, the total 
mass analyzed in specimen and standard 
(under frozen-dried conditions) would be 
equal. Any difference in continuum inten-
sity would be due to differences in ele-
mental composition. In equation (23), 
therefore, 
If we assume 
follows that 




While, of course, equation (27) is 
valid, it does not require any microana-
lysis to be carried out. In essence, Fds 
is determined from the bulk properties of 
the tissue. Differences in water content 
between different parts of the bulk speci-
men cannot be demonstrated with this 
method. 
In principle, equation ( 23) can be 
used for sections of any thickness, as 
long as the observed background varies 
with section thickness. However, if ab-
sorption becomes important the accuracy of 
the method deteriorates. An actual thick-
ness is difficult to give because this 
depends on the type of specimen and the 
choice of continuum region. Sections of 
soft tissue in the 2 µm range should not 
present any problems, however. 
The Hall Method 
I agree with Dr von Zglinicki's 
comment about the advantages of using 
electron scattering methods for the deter-
mination of local mass/density. 
T. von Zglinicki: Equation (25) would be 
no real improvement over equation (24) in 
bulk specimens. In thin sections, the 
local v':lue of P h,sp might easily deviate 
by considerably more than 10% from the 
bulk estimate. (In fact, p h,sp is just 
another expression for the local water 
content of the sample which is to be 
estimated.) Could an iterative routine be 
useful to solve equation (25)? 
Author: As discussed above, neither equa-
tion (24) nor equation (25) would be of 
much use in the analysis of bulk speci-
mens. If in equation (25) P hs can be 
expressed as a mathematical fu'n~tion of 
Fdsp then of course an iterative approach 
can be used to solve this equation, in a 
similar way as is done in equation (5) 
where H5 P is related to c x,sp. 
A.J. Morgan: You mention some of the 
disadvantages of the alterations to the 
"Hall method" for quantitation in these 
specimens. Would you please summarize the 
advantages, if such exist, of these 
methods? 
Author: The advantage of using the bright-
field or darkfield ( scanning) transmission 
electron signal or the zero-loss signal 
from electron energy loss spectroscopy is 
that these signals do not contain an 
extraneous component, but give "pure" 
information about the specimen mass. 
Linders et al . (1982) carried out a direct 
comparison of the use of the brightfield 
transmission signal and the X-ray con-
tinuum as used in the Hall method. They 
found that local mass could be more ac-
curately determined from the brightfield 
transmission signal than from the con-
tinuum signal. However, Linders et al. 
( 1982) did not properly correct for the 
extraneous background in the continuum 
method but used a blank spectrum to deter-
mine the extraneous continuum. Never-
theless, it is very likely that even when 
applied correctly the continuum method is 
a less accurate way of determining local 
mass than the alternative methods dis-
cussed. 
I. Zs.-Nagy: The methodological difficul-
ties related to the measurement of water 
content are not properly described in this 
paper and may create unfounded positive 
feelings in the readers. It would be 
desirable to mention the main results 
obatined by the water-content measurement, 
and their agreement with the real, known 
figures. 
Author: I agree that the measurement of 
local water content may be less easy in 
practice than the relatively simple theory 
suggests. In the analysis of frozen-hydra-
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practice than the relatively simple theory 
suggests. In the analysis of frozen-hydra-
ted samples, errors may arise both during 
preparation and analysis, mainly because 
of inadvertent water loss. A critical 
discussion of this aspect would, however, 
require a separate paper. Preparation and 
analysis of frozen-hydrated specimens has 
been rather recently reviewed by Marshall 
( 1988) . A straightforward comparison of 
the results obtained by X-ray microana-
lysis with results obtained by other 
techniques is often difficult, because 
few, if any, techniques, allow analysis 
of local water content with the resolution 
provided by X-ray microanalysis. With that 
restriction, however, in general the 
published results on analysis of local 
water content give values comparable with 
what is known from other techniques. 
